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SECTION 1
BACKGROUND

1.1 THE BEGINNING (1981) ¢ ENERGY AVAILABILITY/COSTS  AND

POLLUTION CONCERNS.

The genegis for this particular study on Alternate Energy
(AE) Transportation Systems started with a request for proposal
(RFP), issued in late 1981 by the Arizona Transportation Research
Center (ATRC), to study the effect of electric vehicles and AE
transportation sgsystems influx on highway revenue funds and
pollution reduction in the state of Arizona. In part, the 1981
interest in studying the impact of AE systems and electric
vehicles was driven by the seemingly "ever-increasing”™ costs of
gasoline. In the three year span from 1978 to 19881 the average
United States Labor Day price of gasoline (averaged for all types
of gasoline) virtually doubled from approximately 69 cents per
gallon to a price of $1.37 per gallon. At that time (1981) there
seemed to be little doubt that gasoline costs would continue to
rise (at a modest rate at best), petroleum energy supplies would
diminish and pollution problems would continue to increase in the
urban/metropolitan regions of the United States. Technical,
economic, and marketing research studies conducted around 1980 to
early 1882 on the commercial feasibility (11 * and potential

demand for electric vehicles [2,3] suggested that the electric

#Note: Numbers in brackets designate references listed at the end
of report.



vehicle, and other forms of AE +transportation systems [4],
offered a promising alternative to the petroleum consumption and
pollution problems of the internal combustion engine (ICE)
vehicles. Congsumers seemed to be aware of the energy problem and
energy conservation was becoming fashionable, as evidenced by the
energy consumption data shown in Figures, 1-1 and 1-2 taken from
reference 5.

In late March of 1982, Northern Arizona University (NAU)D
responded to the ATRC request for proposals related to Electric
Vehicles and Alternate Energy Systems. Approximately a year and
one-half later (i.e. November, 18983) NAU was awarded a contract
(ADOT Contract No. 83-86) from the Arizona Department of
Transportation (ADOT) to perform a two-year study on "The
Technological Feasibility and Socio-Economic Impact of Alternate
Energy Vehicles as related to the state of Arizona". The
research project (No. HPR-1(28) item 187) was administered by the

ATRC.

1.2 THE BASIC PROBLEM: A MULTI-DISCIPLINARY APPROACH

The 1981 problem of increasing petroleum costs has, at least
temporarily, diminished as a major force of influence likely to
cause consumer adoption of AE transportation technology. During
the approximately 2 year time span from the RFP concept of this
study (late 1981) to the time of the contract award (late 1983)
the average costs of gasoline fell approximately 10 cents per

gallon, with the current prices of gasoline dropping even



farther, to about 90 cents per gallon, as shown by Figure 1-3.
The results of this study, however, have shown that consumers
likely to purchase AE vehicles do not consider the price of fuel
as a key factor in adopting a new technology.

For several reasons, the rapidly growing urban areas of

Phoenix and Tucson, Arizona, seem +to have good potential for

alternate energy vehicle markets. First, both areas are faced

with increasing pollution problems and losg of federal revenues

for air quality violations. Air guality standards during Winter

of 1085-86 were violated in both Phoenix and Tucson. The Arizona

population tends to be acutely aware of air pollution (and
violations) and 1is willing to take positive steps to control it.
Next, Arizona's abundant coal reserves, hydroelectric power,
nuclear power, and broad distribution network for home-heating
natural gas offer the potential for some near term (5 to 15 years
away) alternatives to the pollution problems created by standard
internal combustion engine vehicles. Unfortunately, concomitant
with the pollution (and perhaps long term cost) advantages of the
Alternate Energy Transportation systems there 1is the basic
problem that highway revenue badly needed for repair and new
roads would diminish from the traditional source of gasoline
taxes 1f the use of gasoline were reduced through the penetration
of a significant number of AE vehicles into the Arizona vehicle
market if taxation alternatives were not implemented.

This study examined the above basic problem by means of an

interdisciplinary approach. First, the socio-psychological



characteristics of consumey lifestyles in Arizona were examined
and evaluated relative to susceptibility for change, as related

to behavioral attitudes which would influence the marketing of,

or lack of interest in, electric, hybrid electric or other

alternative technology vehicles. Next the technological

feasibility of AE vehicles and associated costs were integrated

into a marketing/socio~economic demand study to determine which

trends and factors were most likely to impact the level of AE
vehicle market penetration in Arizona. The above factors were
combined with wvarious fuel/vehicle scenarios and costs (i.e.
crisis situation, rationing, no-rationing, etc.) and used in the

development of a AE vehicle market penetration forecast model for

the state of Arizona. The forecast model was designed to enable
parametric studies on wvarious AE vehicle fee schemes and
incentives to enable ADOT management to assess what types of fee
approaches and policies would best suit the joint economic and
environmental needs of the state, the utility companies, and the
consumer. Figure 1-4 illustrates a sgchematic of how the multi-
disciplinary areas and study results were integrated into the NAU
forecast model. The figure also identifies the respective

project directors for each of the primary research areas.

1.3 GOALS AND OBJECTIVES
The primary goal of this research project was to develop an

Alternate Energy Vehicle (AEV) forecast model which would enable

ADOT management to?



[ Estimate potential highway revenue loss (if any) due to
penetration of AEV's;

2) Evaluate possible user fee schemes for recovery of lost
highway revenue; and

3 Make technically sound policy decision and legislative
recommendations relative to taxation of AEV systems.

In order to achieve the primary goal of this research effort
it was necessary that certain key 1issues and basic data be
identified and examined in the areas of socio-behavioral
sciences, economics and demand penetration of AEV systems, AEV
technology/costs and infra-structure, and systems modeling. A
summary of the key objectives in each of the above areas are as

follows:

A. Behavioral Study Objectives:?
1. Identify the attitude and behavioral characteristics of
AEV users and non-users. (Data indicates that most

multi-car families are more affluent, but the most
affluent or middle/upper classes are not really
motivated to adopt alternative technologies. The less
affluent young and elderly classes are more likely to
consider alternate technologies);

2. Assess the current level of public knowledge about
electric vehicles and other alternate energy systems
gsuch as compressed natural gas and propane powered
vehicles.

3. Identify the advantages and disadvantages (real and



imagined) of alternate technologies for transportation.

Technology Study Objectives:

1.

3.

4.

Identify the most likely forms of alternate energy
vehicle systems for the immediate (0 to b years away),
near term (5 to 15 years away), and for long term (15
to 25 years away) time frames;

Egstimate the costs to consumers for the most likely AEV
systems;

Review alternate energy key issuesg likely to result in
fluctuations in petroleum and natural gas prices;
Egstimate energy availability and possible AE usge
scenarios for input to the economics/demand penetration

study and the Forecast model.

Economic/Demand Penetration Study Objective:

i.

3.

Identify key economic factors and other related system
parameters which can be measured currently and then be
used to specify forecasting and/or prediction models
suitable for estimating demand for AE vehicles.
Evaluate the demand/penetration effects of various
differences relative to conventional ICE vehicles such
as higher costs for AEV's, limited range, lower
pollution, lower operating costs, etc.;

Coordinate with the behavioral studies group to adjust
as appropriate the demand/penetration likelihood based

on uzser/consumer preferences and attitudes.

Systems Modeling Study Objective:



Identify the key modeling parameters assocliated with
the behavioral study, economics/marketing penetration
study, and the AEV technology study;

Integrate the findings of the various study groups to
develop an interdisciplinary forecasting and/or
prediction model to enable ADOT to investigate the
likelihood of AEV market penetration into the state of
Arizona and also allow assessment of certain user fee
schemes;

Investigate the sensitivity of the model to changes in
the operating environment (i.e. variations in
parameters);

Assess the ability of the model to make reasonable
predictions;

Develop and document the model, and the resulting
computer code, in such a manner as to make it useful to
ADOT personnel (i.e. have simplified desk top personal
computer version of the code along with the larger main
frame version and write the code in a language(s) that
makes it easily portables

Provide a user seminar to ATRC and ADOT personnel.

1.4 RESEARCH APPROACH

In developing a model to assess the impact of alternative

fuels,

the NAU team of investigators reviewed extensive

literature and research which dealt with 1) desoriptions of



alternative fuel scenarios and fuel c¢rises, 2) expert's
predictions of likely alternative fuels, and 3) cost/benefit
studies related to alternative fuel projects. Many of these
studies have used computer models based on data extrapolated from
experts or based on a limited number of interviews with
consumers. In some cases, models were developed to predict the
feasibility of mass production of selected technologies. Most of

the forecasts indicate limited potential for alternative

vehicles. For example, electric vehicles are perceived as having
a limited range, lengthy refueling, limited performance, and
limited load carrying capability. These factors negatively
impact the development of mass production for the general
consumer or private market and are well articulated in the
research. Consumer behavior, attitudes, knowledge,
migconceptions and preferences were not included in the above
studies.

Discussions held with electric vehicle manufacturers and
the NAU research team [6] reinforces the importance of the role
of human factors in this interdisciplinary study. For instance,
a lack of knowledge of the consumer attitudes (either conscious
or subconscious) related to what the consumer expects to see when
looking under the hood of an electric vehicle, or what fears and
apprehensions (real or imagined) the consumer may have regarding

servicing, repair-ability and trade-in value of an AEV may

represent a major block to the successful marketing of AEV's in

the state of Arizona, in spite of the many attractive features of



AEV's when considering environmental and energy factors. Issues
such as energy availability, costs, technical performance and
comfort and convenience, as well as gafety, are also important
AEV marketing considerations.

The NAU AE research +team felt that the above behavioral
factorg could provide valuable input for a more accurate model of
demand penetration of AEV's into the state of Arizona and,
subsequently, a more accurate forecast model of fuel consumption.
Therefore, extensive demographic research was undertaken, through
the use of personal interviews and surveys, to model an average
driver. This demographic information was obtained to 1) develop
a profile of the average driver in Arizona, and 2) to make
comparisons between Arizona samples and national statistics. The
socio-behavioral surveys were made by direct contact with
consumers at malls or shopping areas in Flagstaff, Phoenix and
Tuecson. The NAU research team set up an alternate energy display

complete with a working electric vehicle and a hydrogen powered

vehicle or CNG vehicle. Consumers were attracted to the vehicles
and expressed willingness to complete the entire survey
questionnaires illustrated in appendices A and B. The Flagstaff

survey was conducted first as a trial run and, based upon the
consumer response, the survey questionnaire was then modified
slightly for use in the Phoenix and Tucson areas. Details of the
gsocio-behavioral c¢haracteristics of Arizona drivers are presented
in section 3 of this report.

By wusing the research from the social and behavioral



sciences it is possible to gain a fundamental! understanding of
the assumptions, and possible misperceptions used by a consumer
during the purchase or rejection of a new or innovative
technology. For example, several years ago, the state of Hawaili
tried to encourage "gasohol®™ consumption with the intent that
local sugar cane industries c¢ould supply the alcohol thus
reducing the states heavy dependence on oil or petroleum imports
[71. Originally gasohol (a mixture of about 10% alcohol, such as
methanol, with 90% gasoline) created certain problems with
standard vehicle desgsigns (such as drying out of seals and
subsequent leaking of fuels) and appropriate warnings were issued
to consumers. The negative impact of these warnings persisted
and affected consumption. In an attempt to overcome these
negative impacts, several companies changed the "gasohol" label
to "high octane booster". The label change coupled with a

reduced state sales tax incentive on the "high octane booster®

fuel resulted in greatly improved consumer usage in the state of
Hawaii [71]. A gimilar trend is occurring in the mainland United
States. For whatever reason, the label "gasohol" does have a
negative impact on consumers whereas "high octane® does not.

Market or demand penetration of AE vehicles seems to be

affected by similayr consumer attitudes and misperceptions.’ As a
result, the market or demand penetration study of this project
also used a consumer type of survey to determine: 1) key buying
trends; 2) willingness to purchase AEV's; and 3) likely percent

of penetration of AEV's into the state of Arizona. Past similar

10



studies [8, 9, 101} have looked at consumers in general and the
results have very limited reliability to the Arizona market.
This study focused on the target groups most likely to adopt the
technology, with the assumption that other segments of the
Arizona population will follow the behavior of these groups if

price and performance meet the expectations of the public.

The market or vehicle demand survey was designed o provide
quantitative estimates of the value Arizona consumers place on
various vehicle attributes. This information was then used to
determine the threshold price at which various consumers would be
willing to switch to alternately fueled vehicles of a variety of
alternate types. The primary output of the demand/marketing
survey wasgs a statistical result (analysis of variance) which was
used to evaluate the relative importance of various vehicle
attributes to consumers. This data was helpful in determining

which of the wide varjiety of possible alternative technologies

wags most plausible to the residents of Arizona. In addition the
statigtical results provided +the basis for estimates of the
market penetration of variocus alternate technologies under given
scenarios. To support such estimates the scenarios had to
gspecify selling prices and fuel costs of each vehicle
configuration.

Data on AE vehicle types, costs for new or converted
designs, fuel/energy economy data, fuel/energy costs, likely
performance data, and future scenario data based on likely energy

availability of AEV systems were supplied by the AE technology

11



study section of this report. Details of the AE technology study
are contained in section 2 of this report. Figure 1-5

illustrates the close integration of the technological, social-

behavioral, and marketing/demand penetration studies with the NAU

Forecast model development.

The vehicle demand survey was administered +t¢ various
service groups in conjunction with a 30 minute technical slide
presentation designed to familiarize the survey audience with the
potential alternate vehicle technologies. It was felt that such
a presentation was necessary in order to develop knowledge among
respondents sufficient to provide reasonable data. It should be
noted that the social-behaviocoral survey study tested respondents
to ascertain their level of knowledge about AEV systems without
the benefit of a technical presentation (the socio-behavioral
survey study did however use a display of AE vehicles to attract
consumers to the survey area). Figure 1-66 illustrates some of
the vehicle characteristics examined in the study of quantitative
cost estimates likely to be paid for various attributes. In
addition to the vehicle cost/attribute questions related to
Figure 1-6 the initial market survey also tested for demographic

information as a cross-check on the socio-behavioral demographic

data and consumer characteristics. A complete set of marketing
survey questionnaires are contained in Appendice C and D. Based
upon the marketing/economic results obtained from the vehicle
Aattribute gstudy a second phase of surveys were conducted to

determine the estimate of market penetration under various

12



fuel/energy supply scenarios. Five basic scenarios were examined
in this phase of the market demand penetration study. Scenarios
included considerations such as:?

1.) Future gasoline and alternate energy prices remain
relatively constant with current costs;

2.) Future gasoline prices continue to drop at a rate
gsimilar to that shown in Figure 1-3 for the years 1981
through 1985 such that gasoline costs become the same
or less than alternate energys

3.) Future gasoline prices rise and alternate energy
sources such as natural gas become much cheaper than
gasolines

4.) Fuel/energy prices remain as in scenario 1, but state
government incentives are allowed for alternate energy
vehicle systems; and

5. A petroleum energy crisis occurs which drastically
raises the price of gasoline but AE vehicle conversions

are also very costly.

Figure 1-7 illustrates the relationship of scenarios to
vehicle types and costs, tested in the demand penetration study
phase of this research project. Figures 1-8, 1-9, and 1-10
present, regpectively, a brief summary of the congsumer demand

approach, the vehicle choices presented to the respondents, and a

summary of the demand results.

The forecasts of fuel use and ADOT revenues under alternate

13



energy penetrating scenarios required that the demand survey data

be integrated with the ASU ADTFUEL model [11] to generate:

i. Vehicle miles traveled by vehicle type;

2. Use tax revenues by vehicle type;

3. Total vehicle purchasesg per year by type; and
4, License tax revenues by vehicle type.

The demand survey data provides +the basis for estimates of
taxpayer response to any tax change since any tax/license fee
will change either the purchase price or operating cost of a
vehicle. Details of the demand survey and market penetration
studies are presented in sections 5 through 6 of this report.

The results of the demand penetration survey study indicated
that the compressed natural gas (CNG) vehicle was the most likely
AE system to penetrate the Arizona transportation vehicle market
in the next 5 to 15 years. As a result of the above the NAU
Forecast Model (termed NAUFC) was developed by taking into
account the most likely AEV system and asgsociated costs.

The NAU Forecast Model predicts the penetration of CNG
technology vehicles into the private fleet of Arizona. Regular
demand studies should be made to ascertain if there is any change
in the type of AE system likely to penetrate the Arizona market.
Any changes with associated costs, etc., can be easily input to
the NAU Forecast Model by a change of variables and certain
parameters discussed in detail in section 6 of this report.
Figure 1-11 illustrates the general input provided to the NAU

Forecast Model. The NAU Forecast (F6) Model is written in two

14



versions, Fortran and Pascal. The NAU-FC Model can be run on
either a micro~-computer such as a Vax, or a larger main frame
such as the Honeywell DPS-8. A desk-top personal computer
vergion is also available but does not have the accuracy
capability of the larger machine versions of the program.

The NAU-FC Model allows user inputs such as: 1) duration
(years) of simulation desired; 2) gpecific downstream year for
introduction of AEV technology; 3) future hypothesized values for
the prices of gasoline and AE fuel; and 4) fuel tax rates. The
NAU-FC Model output provides, for various sgscenarios, information
on: AEV penetration; miles traveled; and amount of gasoline used.
Thus, the wuser inputs can be used by the modeler to test the
sengitivity of the system output, such asg gallong of gasoline
reduction, to factors such as sales tax incentives on AE vehicfes
versus higher taxes on the gasoline vehicles thereby stimulating
a certain amount of penetration toward the AEV'gs. As shown by
Figure 1-11 the model was constructed using data from several
sources.

The data for Arizona fleet size and miles traveled in
Arizona are from the Arizona State University (ASU) multi-linear
regregsion models developed for ADOT in 1981 under grant number
N-800-266 [11]1. The data for innovation and penetration levels
are from the NAU behavioral, technological, and market studies.
Due to the fact that the ASU model assumed incorrectly in 1981
that the price of fuel was going to continue rising (see Figure

1-3) it was necessary for the NAU research team to request

15



updated registration data from ADOT for the years from 1982 to
1885, Figure 1-12 illustrates a list of the data requested from
ADOT. Some of the data was provided from the ADOT to the NAU
research team; in many instances however it was necessary for the
NAU research team to use national average data and adjust for the
Arizona population in order to correct the ASU data base wused in

the NAU-FC model. It is sgstrongly suggested that the ADOT

maintain a yearly update of the NAU information gathered thus far
to keep the ASU input current and as accurate as possible.

Although great effort was taken in this study to provide
accurate quantitative data, several agssumptions were also
required and went into the model. Thus the output of the model
is only as good as the uncertainty of the future scenarios,
energy prices, and conversion/manufactured vehicle costs. In
general the NAU-FC model results indicate that the model is good
enough to predict general trends, but not exact quantities. As
noted, details of the forecast model along with illustrative
examples are contained in section 6 of this report. In addition,
a Volume II: User Manual for the NAU-Forecast Model has also been
generated which details the operation of the code.

Figure 1-13 illustrates the major phases, amount of funding,
and time schedule used in the 2 year NAU study. It should be
noted that although the NAU/ADOT contract was actually executed
in late 1983, the teaching schedules of the NAU faculty had been
established through May of 18984 and hence the contract work did

not get underway until the summer of 1984.

16
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ANNUAL PETROLEUM CONSUMPTION INDEX

FIGURE 1.2
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FIGURE 1.6

TENTATIVE LIST OF ATTRIBUTE LEVELS

Fuel Cost Per 10000 Miles of Travel
$ 250
$ 500
8 750
31000

Range Before Refueling
50 miles
100 miles
150 miles
300 miles

Passenger Capacity
2
4

Trunk Capacity
1/2 that of Typical Current Compacts
Identical to Typical Current Caompacts

Type of Fuel/Refueling Time
Gasoline/Quick Fill
Electric/Overnight
CNG-LNG/Quick Fill & Overnight
Hydrogen/Quick Fill & OQvernight

Total Attribute Combinations

22

4 Levels

3-4 Levels

2 Levels

2 Levels

3-4 Levels

144 to 256



FIGURE 1.7

SUPPLY SCENARIOQ SPECIFICATIONS

SCENARIQ
1 2 3
Purchase Price AV-Conventional Vehicle:
Car 1 (Natural Gas) $ 800 $1800 $ 800
Car 1A (Natural Gas with
with home refueling) $1500 $2500 $1500
Car 2 (Hybrid-Retrofit) $2200 $2200 $2200
Car 2A (Hybrid-Mfg.) $1700 $2700 $1700
Fue} Cost Per Mile
Natural Gas - Gasoline -1 - 5 - 3
Other Scenarioc Features:
Sales Tax Exemption for AVs No No No
Rationing No No No

23
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$ 1800
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SECTION Z
AR TECHNOLOGICAL FEASIBILITY

2.1 ENERGY AVAJLARBILITY: SOME POSSIBLE FUTURE SCENARIUS

In his interim report on M"Alternate Energy - lssues and
Perspectives”™ [121, Dr. William M. Brown of the Hudson Insgtitute
notes several world events which have obvious implications on the
availability of U.S. petroleum supplies and the gsubseguent levels
aof petroleum prices to U.S5. consumers. Figure 2.1 zhown below
listas some of the potential energy related events clited in

reference 12.

1. Energy Conservation and Energy Efficient Designs

2. Saudi Arabian Pricing and Production Incentives

3. Deregulation of Natural Gas Prices

4., Energy Taxes in Import-dependent Nations

5. Energy Production Incentives for Conventional and

Unconventional Energy Sources

6. Mexican 0il and Gas Production
7. Soviet Dil and Gas Exports
8. Gutcome of the Iran-Ilrag War
. Soviet Incursion into lran
Figure 2.1 Possible Energy Related Events Which Would Impact

Fuel Prices

Az noted in section 1.1 and shown In figure 1.2 the U.35. and

other selected industrialized nations have adopted rather
succesafual snergy conservatlion measures zince the flrst energy

30



crisis of the early 1870 time frame. The impact of these

conaservation MERSUL S has reasul ted in drastic reductions in
enegrgy consumption levels. In addition, the level of world crude

o0il production has started to decline due to a zurplus in world

petroleum supplies (related in large part to successiul
consgervation measures) which resul ted in lowear demand and

subsequently lower prices to certain petroleum producing nations
such as Saudi Arabia. These trends of lower production levels

and reduced costs in  terms of U.S. dollars paid per barrel of

csrude oil are shown in figures 2.2 and 2.3, respectively. The
result of these conservation and production measures as related
to the price of gasoline paid at the pump by U.5. consumers was

dramatically illustrated by figure 1.3 which shows a drop of

=
[

about 34% in consumer gaszoline costs from 1881 to 1986.

i

It is interesting to note that during the time period prior
to 1881, and up to as recently Aas 1884, most forecasters
aszsociated with large institutions, such as CONOCO and TEXACO,
were predieting a relatively stable world demand for oil with
future growth of about one to two percent for the next 20 years
L1213, In line with the demand predictions were similar
predictions of a steady increase in gasoline prices for the U.S5.
consumer (in spite of the actual downward trend since 1581
exhibited in figure 1.3). Similar predictions ware used in the
ASU/ADOT Forecsst Model [111. Contrary to the sbove prediction,
Dy. William M. Brown has suggested [121 that a more likely

scenario for future energy prices, at least for the next five



FIGURE 2.2

WORLD CRUDE OIL PRODUCTION
1960-1990

WORLD CRUDE OIL PRODUCTION
(MILLION BARRELS PER DAY)

20 | | | |
1960 1970 1980 1990 . 2000

SOURCE: DATA COMPILED FROM DEPARTMENT OF ENERGY
PUBLICATIONS.




FIGURE

PRICE OF SAUDI ARABIAN LIGHT CRUDE

2.3
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1 e the downwsrd trend that is

[

evident today in 19386. Furthermore, in 18980 and 1981 whan all

other forecasters were predicting & rise in the coslt per barrel
of crude oiil (and noting the strength of OFEC), Dris. William M.
Brown and Herman Kahn predicted that OPEC!'s oil exports would
ghrink (which they did) and that oill prices would decline (which
they did) 13, 141. Furthermore, in his 1884 report to the NAU
Alternate Energy Research Project Group, Brown [1%Z1 suggested
that the price of orude oil would more than likely drop to less
than $15.00 per barrel by 1885 (current 1286 prices are
approximately $13.50 per barrel).

Obviously, in jight of the above recommendations by Brown
{121, one scenario implemented in thisg AE study included that of
decreasing petroleum prices at the rate of about 3% per year, 1Tor
at least the next decade, with a bottom out price of about &5
cents per gallon. Az noted, the above scenario (termed scenario

1 hereafter) was driven primarily by energy conservation and
the pricing and production rates of certain OPEC members. Brown
points out that higher energy Laxes applied to petroleum products
used in import-dependent nations would continue to encourage
energy conservation measures and help maintain the more stable
and somewhat lower Tuel costs.

Another factor which has in the past played a significant
role in increasing U.S. dependency on foreign oil imports was the

U, 5, federal government control on natural gas (NG) prices [12,

151, As the NG prices were held artificially




by the federal government there wasg legs and less monetary
incentive for U.S. and world energy producers to continue to
produce natural gas. Figure 2.4 illustrates the well head price
of natural gas in % per thousand cubic feet for the years since

the 18564 Supreme Court ruling (which allowed government

regulation of NG) up to the 1880 time frame.

H (per 1,000 cubic feest) 3bo
O]
I S I
Aa ) -
/5o
©
IR
o HET
Ol Oille aull
o) © ©
I9&0  19&6E  1%TF0 197FE 1280 1wgd
Figure 2.4 Average Gas Prices at +the Well Head per 1,000

Cubic Feet .
(Data Compiled by K. J. Saczalski)

One result of the U.S. government control on natural gas
prices is the fairly low level of market production fo? both the
U.S. and the world as illustrated by figure 2.5. Oppenheimer
[15]1 notes that "from the well head tﬁ the point of end use,
natural gas enjoys significaﬁt cost advantages over oil®, Brown
also feels that with deregulation the price of natural gas should
rise enough to make it more attractive to produce NG but at the
same time it will be cheaper than oil due to the tremendously
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whan compared to processing and shipping

The Phoenix and Tuczon AT SR

i

have a very well laid out
natural gas pipeline throughout fthe urban/metropolitan aress.
Fase of access of NG for an AE transpertation source, couplsed
with & relatively cheaper cost per mile and cleaner emissions,
makes NG an attractive alternative to gasoline trangsportation
systems in Arizons. Thus, the competition from deregulated NG is
algso likely to keep the cost of gascline at lower levels,

Becau

3}

@ of the large infra-structure of the oil industry,

F

and the =significant market, any potentially seriocus competitive

threats of alternate energy are probably going toc be met by
decreased gasoline or petroleuwm costs until a bottom level of
about 65 to 70 centg per gallon is reached. Several other
factors can also effect the availability and cost of petroleum.
Some of these factors include increased oil and gss production in
Mexico, the Soviet Union, and other oil exporting countries which
would tend to also keep the price of gasocline low over the next
gaveral years. Brown feels that the economic problems currently
faced by Mexico will, for various obvious reasons (i.e. bad

credit and no international loans for increased oil exploration

»
2

and production), only maintain ocurrent oil production levels

b
.
[}
~
-y
P

1
fend
.

best (zee figure
An  dimportant factor which could result in a return to

increazed petroleum costs deals with the development of & crisis

gituation. Obviously we cannot predict with any certainty when
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FIGURE 2.5

MARKETED PRODUCTION OF NATURAL GAS - WORLDWIDE

i I 1 Al 1 1 | f ! | 1 1 1 ]

1970
~ DATA SOURCES:

1972 1974 1976 1978 1980 1982 1984
BASIC PETROLEUM DATA BOOK, OIL & GAS JOURNAL.
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(RATE OF PRODUCTION (MILLION BARRELS PER DAY)

FIGURE 2.6

MEXICO'S CRUDE OIL PRODUCTION
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and 1if a orisis event is likely to  happen; however, 1t is

remoftely possible that the IRAN-IRAG situzstion could lead to =z

regtriction on the availability of oil imports to the United
States and other oill import dependent countries. Brown L1213

explores several possibilities of outcome of the IRAN-IRAW war

o
]

wses in oll prices. One possibility is

i

which might lead to incre

{1

that [IRAN can take control of IRAR, and eventually the other
countries in the Persian Gulf region, ultimately reducing oil
production and thereby increasing petroleum costs to almost any
level they prefer, such as 40 +to 50 dollars per barrel, for at
least the next decade. Other negative factors could also trigger
s crisis situation and incressed consumer gasoline prices. For

instance, while not likely, an incursion by the Soviet Union into

o

zo lead to unfriendly control over

o

IRAN (ala-Afghanistan) could &

the Persian Gulf.

L

Thus, in addition to the decreasing gasoline cost scenario-

L:

1, the NAU Fegsearch Team also inciuded a orisiz situstion

scenario which included rationing of gasoline, increased gasgoline
costs, and increased costs of trying to convert to a dual fuel /AE
system (due to anticipated high demand and low supply of AE
conversion kits, etc.’.

A third scenarioc which ig quite feasible, and in Tact is
almost necessary 1f there iz to be any significant influx of
AEV's into the Arizona market, deals with the use of federal
and/or state incentives to convert to AEV's such as CNG powered

vehicles. Discuzsions held with gas industry 1681 and automotive



industry representatives [17]1 indicates that unlessz a signiflcant

market for AEV's is available (say 20,000 units per year) there

will not be any mass-produced and dedicated AEV systems but more

than likely only dual fuel conversions on  conventional 1.C.

engine vehicles. Through the use of incentives, such as the
sales tax reduction concept used in Canada for buyers of NG

powered vehicles or vehicles converted to run on both NG and
gasoline, the state of Arizona can encourage greater use of
cleaner, lezs  polluting, alternate energy systems. Ultimately
{(after gufficient time for turn-over of new vehicles and AEV'zs in
the Arizona fleet) the incentiveszs could provide for a large

gnough market to encourage the automotive industry to develop AE

&

vehicles along with the necessary maintenance, repair and
servicing infra-structure desired by the consumer.

The scenario 1 is the least favorable to market/demand
penetration of AEV's into the state of Arizona. The third
gcenario discussed above (i.e. government Iincentives) ig perhaps

the most favorable to market/demand penetration of AEV's If one

i

could agssume that the price of gasoline was stable or at least

I
ke
w0
~2

{4

increasing relative to the price of cheaper alternate ene

(i)

sour L=

%]

i

In light of all of the above, and due to the uncertainty of
the future, the NAU Alternate Energy Froject Research Tean
selected five alternatives for examination in this study:

a.) Seenario-1 assumes that the relative prices of gasoline

]

[

and cheaper alternate energy fuels, such as CNG, remain

40



relatively constant over time. In addition it i

3

assumed that AEV' s are contigured and  priced
competitively with the standard gasoline powered

Scenario-2 assumes the cost of gasoline o drop over

fried

the next decade and the cost of converting a vehicle to
operate in a dual fuel (AE and gasoline) mode to be
about $1500. Furthermore, this scenario agssumes that
there 1z only s minimal savings by using an alternate
fuel source such as NG;

Scenario-3 assumes that the cost of gasoline increases

and that the difference in fuel costgs afforded by using

i
o]
>
71
5]

ystem iz about a 40% savings versus gaszoline
cosgts. The cost of purchase of an AE vehicle 1s
assumed to be as in scenario-1l;

Scenario-4 is like scenario~1 with respect to fuel and
vehicle costs except In this scenario various ALV
adoption incentives are allowed;: and

Scenarioc-5 represents the crisgis situation discussged
previcusly where gasoline rationing is considered along
with higher cost of gasoline and attractively lower AE

costs.

]
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2.2 ALTERNATE ENERGY TRANSPORTATION SYSTEMS

The national and world needg for transportation account for
about 20% of all present energy use [18]1. Currently, petroleumn
ig the primary fuel/energy source for gas turbines, jet engines
and internal combustion engines (ICE), such as the standard
gasoline powered spark ignition (S1) type engines and the diesel
fuel powered compression ignition (Cl) engines. Concern with the
environment, and the cost and availability of future petroleunm
supplies, has encouraged the research and development of numerous
AE systems and energy sources or fuel modifiers. Table 2.2.1
lists the AE systems or energy/fuel sources researched in this

phagse of the study.

DIESEL FUEL

LIQUIFIED PETROLEUM GAS (LPG-PROPANE)

GASOHOL (10% ALCOHOL/90% GASOLINE MIXD

ETHANQL (FROM FERMENTATION)

METHANOL (FROM COAL & BIOMASS)

METHANE/NATURAL GAS (COMPRESSED-CNG & LIQUIFIED-LNG)
HYBRID DUAL FUEL SYSTEMS (GASOLINE & CNG or LPG)
ELECTRIC (BATTERIES)/HYBRID ELECTRIC

FLYWHEELS AND MECHANICAL ENERGY STORAGE DEVICES
HYDROGEN POWERED SYSTEMS

SOLAR AND FUEL CELL POWER

TABLE 2.2.1 SOME ALTERNATE ENERGY SYSTEMS AND POTENTIAL ENERGY
SOURCES FOR TRANSPORTATION
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2.2.1 ELECTRIC AND HYBRID/ELECTRIC: A DARK-HORSE AE SYSTEM
FOR ARIZONA

Studies conducted by Arthur D. Little, Inc. [81 and ORI,
Inc. [191 suggest that by the year 1990 the potential market for
electric vehicles (EV) in warm and temperate climates of the U.
S. will be about 2,700,000 vehicles. The warm climate and
relatively flat terraing of the Phoenix and Tucson
urban/metropolitan areas are features that would allow electric
vehicles to operate at maximum performance. In addition, as
noted previously, Arizona's abundant coal reserves, hydroelectric
power, and nuclear power should eventually make electric power
economically attractive it petroleunm costs start to rise
significantly. Finally, the electric power industry finds
overnight charging of EV's a nice way to balance daytime/evening
power demands and increase income without significant capital
investment. The Arizona Public Service (APS) Utility Company has
been successfully experimenting with a fleet of electric vehicles
gsince the early 1980 time period [201].

Saczalski of the NAU College of Engineering & Technology has
also examined the commercial feasibility of electric and hybrid
electric vehicles for the colder winter c¢limates and hilly
regions of Flagstaff, Arizona [11]. An Electric Passenger Car
Company hybrid/electric modified Ford Pinto station wagon was
used in the NAU study. The results of the above study indicated
that hybrid electric vehicles were technologically feasible and

could compare reasonably well in energy costs to  the ICE
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counterparts, however, battery maintenance and reliability of
component parts, as well as replacement parts, and lack of
servicing capabilities detracted from the commercial feasibility
of such vehicles. The results of the study did indicate however
that the above vehicles optimum use would be for trips under 30
miles in short commuter travel, downtown shopping, and errand
running, in a relatively flat terrain and warm climate such as
the valley areas of Phoenix and Tucson.

In virtually all current EV systems, however, lead/acid
batteries are the source of energy. Figure 2.7 shows that the
lead/acid batteries are poor in both energy density and specific
peak power, as compared to most of the other AE systems
illustrated [(211. Future battery systems (to be commercially
available in the early 1980 time frame) such as the sodium sulfur
(NaS) and the aluminum-air batteries [22]1 offer some improvement
and potential for use as an Arizona AE system. The advantage of
the aluminum-air battery is that it would allow a range of about
100 to 125 miles before requiring a refill of distilled water.
About 3 to 4 water refills would be possible before the aluminum
caore would have to be turned in for reprocessing by the aluminum
industry (i.e. like returning a glass bottle for deposit). Thus
these batteries might be able to provide a range of about 350 to
500 miles to an electric vehicle, however, some mechanism of
refuel or easy trade-in would have to be worked out before the
improved batteries could become feasible. The Lawrence Livermore

Laboratory [231 is actively working on the practical aspects of
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.2 FEASIBILITY OF ALTERNATE ENERGY TRANSPORTATION SYSTEMS
The complex manufacturing infra-structure associated with

current automotive production, and the tremendous expenzse of
developing new infra-structures for major deviationeg from current
automotive propulsion gystems, suggests that the AE systems most
likely to replace gasoline» in the next 10 to 20 years will be
those systems which are amenable to internal combustion engine
conversions or adaptability. The one possible exception to the
above, cited in the previous section, iz the electric and
hybrid/electric vehicle with improved longer range batteries.

Twa alternate fuels which have been used as popular
substitutes to gasoline are the diesel and propane fuels.

Propane, a liquified petroleum gas (LPG), is a clean burning
fuel which is produced as a result of processing crude oil at the
refinery. To facilitate storage and transport, propane is
liquified by a process of compressing and/or cooling.
Approximately 270 gallons of vapor c¢an be compressed into one
gallon of liguid. Propane remains in a vapor state at
atmospheric pressure and normal temperatures. When used as a
motor fuel, propane is drawn into an internal combustion 5l
engine in a vapor state, and as such, mixes readily with intake
air. Propane engine fuel is produced to an accepted
specification (HDS&) to assure uniform quality and smooth
performance when used with the spark ignition type IC engine
conversions.

Diesel fuel is also a derivative of crude o0il processing.
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Only 17% of a barrel of crude 0il can be made into diesel fuel.
Diesgel fuel is wused in compression ignition type internal
combustion engines. As diesel fuel usage increases an excess of
gasoline will become available resulting in possible lower costs
of gasoline, but higher diesel fuel costs due to simple supply
and demand.

The price of diesel fuel in the Flagstaff area is about one
cent per gallon greater than unleaded gasoline. Similarly the
price of LPG (propane) will also fluctuate and increase with the
supply of gasoline and demand for propane. It should be pointed
out, however, that a strong LPG market currently exists in the
U.5. transportation sector. Arizona, on the other hand, seems to
show a decline in the use of LPG for transportation purposes.
Details on the U.S. and Arizona LPG and CNG markets and tax laws
are contained in Section 4.

Thus, the prices of both diesel and LPG have risen with
increased demand and both fuels currently cost slightly more than
gasoline. In the State of Arizona, (Tucson and Phoenix), three
major companies are responsible for most LPG conversions: 1)
CAL~GAS, 2) Petrolane, and 3) DOXOL. Several smaller companies
market conversion kits but do not offer installation.
Approximately 750 conversions costing about $1,000, have been
made since 1983 and this number reflects a substantial decline
from the 1970's when gas supplies were more limited. Most
convergions from motor gasoline to propane were by private

companies and government owned fleet vehicles. Some fleets that
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were converted during the 1970's have been reconverted back to

conventional fuels because of the increased LPG costs. Because

af the above processing and high fuel cost factors, as well as

other factors such .as emissions from diesels and
safety/conversion costs for LPG, neither LPG or diesel fuels are
considered as AE candidates likely to replace gasoline. Figure

2.8 illustrates the dramatic drop off in percent of new vehicle
saleg in the U.S8. of diesel passenger cars and propane conversion
up through 1983 [27].

Solar and fuel cell power which have been recommended as
alternatives to gacsoline powered transportation systems [2B], are
also not considered as feasible AE systems. Current solar
devices are costly and inefficient (only about 16% of the
absorbed energy from the sun in converted to AE use). Although
some solar powered research vehicles have been built and tested
in the U.5., Japan and Australia, none of these vehicles have
been capable of providing the range, speed performance and
size/comfort/safety features required for consumer marketing.
Fuel cells offer some potential for improved energy efficiency
and use in AE transportation systems, however, with the exception
of a small amount of basic research being carried out at some
universities and national laboratories there doegs not appear to
be any gseriocus industrial work being carried ocut on the
commercial implementation, and development of infra-structure, of
fuel cells for AE transportation systems.

Another AE approach which is not considered feasible in this
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study deals with the use of mechanical energy storage devices
such as the composite flywheel and hydraulic accumulator. The
reasone for not considering mechanical energy storage devices as
feasible AE transportation substitutes for gasoline are apparent
in Figure 2.9 which illustrates a comparison of the energy
density (i.e. amount of energy stored in a unit of mass or weight
of the system which produces the energy) for various future
(1990) batteries, hydrogen energy systems (hydrides and liquid
hydrogen), and mechanical energy storage devices [261. The
extremely low energy density of the mechanical type devices,
coupled with their relatively high specific power capability (see
Eigure 2.7, suggests that these AE systems could most likely be
used only as hybrids in conjunction with some other higher energy
density source.

The most likely AE replacements for gasoline in the next 10
to 20 years appears to bet alcohol and alcohol extenders (i.e.
"gasohol"); CNG dual fuel systems (i.e. vehicles which are
capable of running on either gasoline or CNG); dedicated CNG
powered vehicles; and hydrogen powered vehicles [261. All of the
above AE sources are capable of good performance on standard IC
engines with relatively minor adaptations to the engine and fuel
metering system. Also, each of the above AE sources has the
capability of significantly reducing the level of most pollutants
encountered in gasoline and diesel powered vehicles. With the
exception of hydrogen, the alcohols and the CNG are actually

cheaper or at least competitive pricewise with gasoline. The
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"gasohol? mix of 90% gasoline and 10% alcohol (ethanol)
represents an immediate mechanism for "stretching™ current U.S.
reserves of gasoline. The biggest obstacle foreseen in the
immediate conversion to blends of ethanol, even with only a 10%
blend, is that more ethanol would be required than could be
produced from available solid wastes and plant fermentation. As
a non-lead octane enhancer "gasohol"™ sales have risen from 500
million gallons in 1980 to about & billion gallons currently.

Both ethanol and methanol! have been used as the primary fuel

source for automobiles. Methanol, currently derived from the
abundant U.S. supply of natural gas, can be produced in large
quantities. Methanol can also be produced from coal. Current

1085 best estimates put the amount of U.S. coal energy reserves
at about 25 times the reserves of U.5. petroleum energy supplies
[2817. The Ford Motor Company of the U.S. has initiated the
development of methanol powered vehicles. The early problems
encountered by "gasohol"™ corrosion of fuel system components have
been alleviated by Ford through the use of appropriate non-
corroding fuel system materials such as nickel plated parts [171].
Figure 2.10 cutlines some of the unique features of the 1983 Ford
Escort methanol system, A fleet of approximately 500 Ford
methanol powered automobiles have been provided to the State of
California, with another 100 vehicles (approximately) going to
Canada, Pennsylvania and the City of Baltimore. A total of 33
fuel stations are provided in Southern and Northern California,

and these stations are open to the general publiec [171]. The
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large U.S5. supply of natural gas and coal suggests that methanol
could bhe an excellent near term (5 to 15 years away) replacement
to gasoline.

Germany and New Zealand have alsgso considered using methanol

as a substitute for gasocline. Ford has provided zome vehicles to
Germany which ran on 15% methanol and 85% gasoline. The U.S.
difference in price between a conventional gasoline powered

vehicle and a new methane powered vehicle 1is only about 5%
(roughly $500 on a $10,000 vehicle). Ford is currently
researching the possibility of an engine which can run on either
gasoline or methanol £171. Because of the gasoline/methanol
differences in air/fuel ratios and timing, as well as cold start
problems and flammability of methanol, the above cited dual fuel
concept is a most challenging task.

Brazil, due to its large sugar cane growing capability, has
since 1975 emphasized the use of ethanol (derived from
fermentation and solid wastes) in vehicles to reduce its previous
dependence of importing approximately 85% of its oil. The Ford
Motor Company has since about 1978 provided a large number of
ethanol powered passenger vehicles to Brazil. Ethanol uses the
same fuel distribution system already in place for gasoline in
Brazil. As of July of 1984 Brazil was importing only 48% of
their oil needs - a dramatic reduction in imports of almost 45%.
The Brazilian ethanol passenger car mix increased from 28.5% in
1980 to approximately 88% in 1983. As of 1984 there were

1,200,000 ethano!l vehicles in Brazil. Some work has alsoc been
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started by Ford Motor Company, and others, on the uze of alcohol
and diesel blends (281, Obviously, there ig a significant
technological data base which suggests that the U.S5. could begin
zerious production of methanol/ethanol vehicles in the next 5 to

15 years (near term).

Table 2.2.2 summarizes the NAU research team selection of
the most likely AE replacements to gasoline transportation

systems for the immediate, near term and long term time frames.

ALCOHOLS, ALCOHOL BLENDS (Ilmmediate to Near Term-
G - 5 vears)

DUAL FUEL (CNG/GASOLINE) CONVERSIONS,

DEDICATED CNG (Near to Medium Term -
5 - 15 years)
HYDROGEN (L.ong Term -

16 - 25+ years)

TABLE 2.2.2 MOST LIKELY AE SYSTEMS
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2.2.3 CNG: THE MOST PROMISING AE ALTERNATIVE FOR ARIZONA

The most promising AE alternative for the State of Arizona
appearsg to be the CNG dual fuel conversion system. The resultis
of the demand/penetration study, contained in sections 5, 6 and 7
of this report, indicate that of all of the potential AE systems
surveyed the CNG dual fuel conversion system was the only AE
system which Arizona drivers were willing to pay above standard
vehicle prices for. In part the preference for a good dual fuel
vehicle capability may be due to the senses of security
associated with being able to choose from either systems in case
of a future energy crisis. From a technological point of view
the CNG energy source also offers many more advantages than
disadvantages.

CNG as a motor wvehicle fuel is currently being used on a
large scale in Italy, New Zealand and Canada [301. All of these
countries have used tax incentive programs as seed money for the
development of public refueling stations and for conversion of
existing petroleum fuel vehicles. To a lesser extent the U.S5. is
using CNG, but in most applications this is limited to private
fleet wvehicle conversions and the lack of public refueling
stations presents a current drawback for the private consumer. A
1982 report by the American Gas Assococlation [16] indicated that
the costs of running CNG vehicles as compared to gasoline powered
vehicles were on the average 39% cheaper to operate. The average
cost of converting a gasoline fueled vehicle to a dual fueled

(gasoline and CNG) is approximately $1,500 dollars. This



includes all of the necessary hardware needed to run the vehicle
on both fueling sources. As a rough estimate of the refueling
gite costs, %1 per digplaced gallon of gasoline can be used (i.e.
if 40,000 gallonsg of gas used per year were digplaced by 40,000
equivalent gallons of CNG the cost of the refueling site would be
approximately $40,000) [161]. A gallon of gasoline has the BTU
energy equivalent of about 108 cubic feet of natural gas. When
compressed at a pressure of about 2600 psi the natural gas
occupies about 1 cubic foot of space. Natural gas is the largest
domestic source of energy in the U.S. and it currently accounts
for 31% of the primary U.5. energy consumption. The American Gas
Association (AGA) reported in 1980, that the proven reserves
amount to 195 trillion cubic feet, in addition to this the AGA
estimates that an additional 1000 trillion cubic feet are
avalilable for recovery. The current yearly consumption in the
U.5. ig about 17 trillion cubic feet. Experts in the industry
estimate the U.S5S. has a known 60 year supply, based on current
use levels. These estimates don't iInclude the vast reserves of
Mexico and Canada or the extraction of natural gas from
unconventional sources such as tight sands, devonian shales, coal
seams and geopressured aquifers. The potential for synthetic
natural gas produced from coal is still being explored, however,
current U.S. funding levels for synthetic fuel projects is
declining due to the effects of energy conservation, lower
gasoline prices, and increased supplies of gasoline.

CNG is a relatively new fueling source in the U.S5S. and as
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such most areas of the country have not adopted regulations
governing the installation of retrofit vehicle equipment or the
refueling site. American Gas Association, has published a
proposed set of regulations (NFPA #52). These regulations
outline the design of equipment and the building of the refueling
site. The CNG fuel c¢ylinders are regulated by the U.S.
Department of Transportation and must be hydrostatically tested
every 5 years, to insure their continued safe operation.

Each cylinder 1is equipped with a safety device referred to
as a burst disc, with a fusible material. The fusible material
is an alloy which will flow when the temperature reaches 100
degrees centigrade (212 degrees fahrenheit) and the burst disc is
designed to rupture at a pressure of 3775 psi which will allow
the gas to escape. The alloy will flow, allowing the burst disc
to rupture if the pressure reaches 3775 psi. The burst disc
installed in these cylinders is made of inconel material which is
impervious to etching of natural gas. If replaced they should be
of like material to prevent future faillure resulting in leakage.

In addition to the above, the cylinders must be labeled with
the words "CNG ONLY"™ in letters at least 1 inch high in
contrasting color and in a location which will be vigible after
installation.

The cylinder cost averages approximately $67.00 per gallon
of compressed natural gas (CNG) or about $1,000.00 dollars for
the =mame range of a conventionally fueled vehicle [161]. Since in

most vehicle applications the on board CNG capacity is limited to
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the average daily driven mileage, the cost of the cylinders can
be determined by taking the average number of miles driven
divided by the wvehicles average mileage per gallon and
maltiplying this by $67.00.

The total convercsion price per vehicle will average $1,500,
inclusive of all necessary eqguipment for conversion to dual fuel
capaclty. The dual fuel capacity 18 a bonus bhecause it allows
the user to choose the most economical fuel source.

Compressed natural gas achieves close to the same mileage as
a conventionally fueled vehicle so the number of equivalent
gallons of CNG required 1is limited by the necessary required
range.

Because natural! gas is lighter than air, there is no risk of
pooling of the spilled fuel as compared to petroleum fuels. The
disgipation of natural gas (hecause it's lighter than air), and
the limited fuel to air mixture required for combustion, all but
eliminates the posgibility of explosion. A double redundant
design being used in modern CNG c¢ylinders eliminates the
possibility of the cylinder becoming a "bomb" and exploding in
the event of an accident. The gasoline fuel tanks of a dual fuel
vehicle are gsubstantially more dangerous than the CNG cylinders.

The equipment necessary for conversion is usually purchased in a

package from a CNG equipment supplier. Included will be the
compressed gas tanks, the pressure regulator, fuel selection
solenoid and gas mixer. The refueling station equipment should
include compressor, cascade (if quick fill), refueling stations
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and the related safety eqguipment. Again, this is usually
purchased In a package and can be custom tailored to the
individual needs of the consumer [311.

CNG is a clean burning fuel when it is burned, CNG produces
half the amount of nonmethane hydrocarbons as gasoline. The
majority of the emissions from a CNG powered vehicle are simple
water vapor. Emissionsg are discussed in more detail in Section
2.3. Both the Ford Motor Company and Toyota have initiated
production on a limited number of CNG only light trucks. More
details are given in Section 4 of this report under the marketing
section. Figure 2.11 illustrates some of the features of the

Ford CNG truck.

There are two basic types of refueling systems, fast fill
and slow fill, but combinations are frequently utilized depending
upon the needs of the end user. The fast fill system will fill

the vehicles in about the same time as a conventional (gasoline)
filling system. The slow fill system is designed for the user
that has a vehicle that returns to the fueling site for extended
periods of time, usually 8-12 hours. Both systems require
compressors and the necessary piping for the transfer of the
compressed gas to the vehicles.

The fast fill system cost includes the compressor station
and the necessary high pressure storage system. The advantage of
the fast fill system is it allows for refueling of the vehicles
without having to remain at the refueling site for extended

periods of time. A disadvantage 1is that the time between vehicle
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refueling determines the compressor capacity needed, thus the
shorter the time span between refueling the greater the
compregsor capacity required. A typical fast fill system will
cost anywhere from $60,000 to about $120,000.

The equipment required for a fast fill system includes:

1) Compressor: this boosts the pressure of the natural
gas from delivery pressure of about 5 psi to 3600 psi.
The suppliers of compressors are varied and the
compressor chosen should meet the refueling demands of
the end user. A typical vehicle converted to CNG with
2 storage tanks has the capacity to store 700 cubic
feet of natural gas at 2400 psig. To fill within 10
minutes a vehicle whose tanks are empty would require a
compressor of 70 cfm capacity. This would only allow 6
vehicles per hour to be refueled. By adding storage
containers that could be filled in advance a downsized
compressor could be utilized. The compressor capacity
needed is larger than that required for a slow fill
station.

23 High pressure gas storage containers: these are
commonly called a cascade. The cascade is a group of
cylinders equally divided into three separate zones
low, medium and high pressure, these zones are
interconnected &0 that the cascade operates as one
unit. The cascade zones are initially filled with CNG

in sequence by the compressor to the normal operating
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pressure of the system. The highest pressure zone isg
refilled first followed by successively lower pressure
ZONES . This zequence is called priority fill. These
zones allow for multiple vehicle refueling without
drawing directly from the compressor. The cascade
gives the wuser the equivalent of a gasoline storage
tank on which to draw for refueling vehicles. The
cascade is directly connected to the compressor and the
zones are interconnected with pressure regulators and
safety devices. The size of the cascade can be scaled
to the amount of fast fill stations needed.

3 Refueling station: the size and location is determined
by the users needs. The station lookg like a typical
gasoline refueling station except instead of pumps
quick fill Thoses for connection to CNG vehicles are in
place.

The slow fill system is designed for the fleet user whose
vehicles experience extended periods of time between the need for
refueling. Because the refueling process regquires between 8 to
12 hours (or more depending upon the compressor capaclity) the
need for parking facilities for connection to the slow fill
system is required. The size of these facilities depends of the
number of vehicles to be refueled at one time. It is possibie to
establish the refueling capacity in the existing company vehicle
parking area. The slow fill system, because of the extended time

required for refueling needs, needs only the compressor with the
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necessary pressure regulation equipment to determine if the
vehicles have completed refueling and the connections for
transferring the CNG to the vehicle. Slow fill systems can cost
anywhere from $600.00 to $10,000. The obvious cost savings are
apparent.

The mix fill station allows the user to custom tallor the
refueling operation to the projected needs.

A new application of an old product has been introduced by
Dual Fuel Inc. of Montebello, California, it is the Haskel CNG
amplifier system. This pump eliminates the first two compressor
stages by using the high pressure gas line (usually around 350
psi) to drive the pump and compress the natural gas. The problem
with this type of pump is that the wuser must be located near a
gas supplier's high pressure line and be able to discharge the
"used" (lower pressure, around 60 psi) back into the distribution
system.

The complete installed costs for a fast, slow or mix fill
station depends on the needs of the user and the logistics of the

refueling site.
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2.2.3a HOME UNIT (SLOW FILL)Y CNG SUPPLY

The major drawback or disadvantage associated with dedicated
CNG or CNG duel fue! conversion systems in Arizona is that there
are no natural gas compression or fill-up stations available to
the general consumer. One possible means for overcoming the
above problem would be through the use of an overnight slow fill
home refuel system which compresses the natural gas gupplied to
the residence. As noted in reference 32, this method of general
consumer refueling of CNG powered vehicles would take advantage
of the existing and well-developed residential system of natural
gas. The city of Phoenix for example has a very good grid work
of high passive natural gas lines (about every mile) which feed
the low pressure (5-7 psi) residential units. Currently more
than 40 million homes in the U.S. use natural gas and the number
is expected to rise due to the low cost of natural gas as
compared to heating oil.

The concept recommended by Dr. Vadim Kopytoff at the June
1984 NAU/ADOT research project review meeting and also advocated
by Dr's Amos Golovoy and Roberta J. Nichols of the Ford Motor
Company [32]1 would use a multi-stage home compressor unit to
caompress the natural gas from the home gas system into fuel
storage cylinders on the vehicle. For safety purposes the
compressor and fill station should be located in an open area.
The compressor must be capable of pressuring the natural gas from
about 5 to 7 psi at the incoming service line to the desired

storage pressure in the vehicle tanks, which would vary between
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about 300 to 2400 psi.

Costs for the higher performance multi-stage compressors

capable of achieving several 1000 psi pressure would be in the
neighborhood of $10,000.00. Lower cost units with lower pressure
capabilities limit the range of the vehicle. Selection of a unit

would depend on factors such as reliability, and safety. In any
event, home fill units, while not inexpensive, are avallable and
if prices of these compressor units drop in the next few yearsg

the home fill method of CNG could become feasible.
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2.2.3b DUAL FUEL CAPACITY

Dual fuel capacity is the combination of the existing fuel
syastem with CNG. Since CNG is able to use the same engine
designs as conventional fuels the end user is allowed the option
of choosing the most economical fuel source.

The range of a CNG powered vehicle is limited to the amount
of fuel carried on the vehicle. This limitation can bhe overcome
by installing more CNG tanks, but in most vehicle applications
space ls at a premium. The on board storage requirements should
he limited to the amount of fuel needed for average daily use.
By including the existing fuel system the end user is allowed the
margin of safety to go over the average daily use.

A problem with keeping the dual fuel capacity as compared to
utilizing only a dedicated (CNG only) vehicle is the weight
differential between the two systems. The weight difference is
minimal but could effect the mileage on gmaller vehicles, but the
savings in fuel costs in most instances will overcome the space

and weight problems.
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2.2.3c¢c DUAL FUEL CONVERSION COSTS
The cost for converting a vehicle depends upon the vehicle
type, the amount of load carried and the desired range. The cost

of the conversion kit not inclusive of the labor needed to mount

it varies between $400 and 3500 dollars. The conversion kit
includes all of the necessary hardware to convert the existing
gasoline or diesel gystem to a dual fuel capacity. The

components of the conversion kit Iinclude:

1) The natural gas fill: valve the connection from the
refilling station to the onboard cylinders. This valve
is designed as a "break away”™ valve. It shutsg off the

flow of gas if the vehicle drives or rolls away from
the refueling site.

2) High pressure fuel line and the master manual shut-off
valve: these transfer the high pressure gas to the
pressure reducer and allows the user to manually shut

off the CNG supply to the engine.

3) Pregssure reducer: this reduces the high pressure gas
(2400-3000 psi) to atmospheric pressure. It is & three
stage reducer combined into one unit. The first stage

reduces the cylinder pressure from 2500 psi to 35 psi,
the second stage reduces the pressure from 35 psi to
.015 psi, the third stage meters the gas into the
engine according to the requirements of engine speeds
and load. This device governs the flow of gas that

when combined with air in the fuel mixer will reach the
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engine manifold.

4) Natural gas solenoid valve: this zhuts off the natural
gas to the engine when it's not running or the vehicle
ig running on gasoline. The solenoid valve is usually
equipped with a natural gas shut-off delay for
switching from CNG to other fuels. Thisg eliminates

stall when switching fuels.

5) Natural gasg mixer: allows for correct fuel to air
mixture before ingestion into existing wvehicle
carburetor. The mixer operates on the diaphragm

controlled, variable venturi principle and meters the
correct volume of natural gas inteo the air stream over
the full range of engine air-flow demands [311.

6) Fuel selection switch: located inside passenger area of
vehicle. It allows the driver to choose the type of
fuel to run the vehicle on.

7) Dual curve ignition timing box: this advances the
timing of the engine 15 degrees automatically (tied
into the fuel selection switch) to optimize the fuel
chosen for maximum performance.

In addition, $200 =hould be budgeted for labor and

miscel laneous parts per vehicle.

The conversion price does not include the cost of the

conmpressed gas cylinders. Cost run about $67.00 per gallon
equivalent of gasoline. Therefore, if the equivalent of 6

gallons of gasoline or about 120 miles range are desired, the
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cost would bhe about $400.00 for the storage cylinders. These
cylinders can be constructed of either plain steel, fiber wrapped
steel or fiber wrapped aluminum. The fiber wrapped aluminum and
steel cylinders have the advantage of greater capacity with
reduced weight. These cylinders are designed to operate up to
3000 psi, and incorporate a double redundant safety feature that
eliminates the pogsibhility of explosion. Each cylinder has a
legend stamped into the mneck portion of the cylinder. The
explanation of the legend is given by the following example:

Example: D.0.T. 3AA 2400 (Printed Legend Stamped on Bottle)

D.0.T. iz the Department of Transportation or regulating
body with control over certification and manufacture of
cylinders. B3AA indicates the grade of material used to
manufacture.

2400 indicates working pressure of the cylinder at 21
degrees centigrade (70 degrees fahrenheit).

PSI indicates manufacturer's c¢ode as registered with the
D.0.T.. Numerals are serial numbers of cylinders. These are for
record keeping purposes.

The date of certification is stamped on each c¢cylinder by an
independent third party. Each cylinder must be recertified by

the end of each five year period.
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2.3 HYDROGEN AS A POSSIBLE FUTURE AE SYSTEM

Hydrogen, in a hydride composition, appears to he very
promising for an AE transportation system. Several research
studies have been completed which demonstrate the technical
feasibility of using hydrogen as an AE replacement for gasoline
[2z6, 331. Figure 2.9 illustrated the currently available high
energy density of hydrogen as compared to unavailable energy
density levels of future battery designs. Other advantages of
hydrogen include its availability, recyclability, degireable
combustion c¢haracteristics and c¢lean burning characteristics.
The hydrogen energy source has been adapted to standard 1C spark
ignition engines by Zavaleta [261, through the use of a rather
simple hydrogen/air metering device. The performance of the
hydrogen powered IC engine modification was actually better than
the same engine performance when run with gasoline, the original
fuel source for that particular engine design [261. Figure 2.12
illustrates the Zavaleta  hydrogen/air metering concept (H2
designa) V-8 51 engine. Figures 2.13 and 2.14 demonstrates the
road performance characteristics of the various Zavaleta hydrogen
concepts versus the gasoline powered version of the engine.

Combustion of hydrogen and air results in by-products of
water and a very small amount of nitrous oxide, thus giving a
clean burning fuel. Energy density by mass shows a three to one
advantage of hydrogen over gasoline; haowever, based on the energy
density by volume the hydrogen is not quite as promising a fuel

gsource over gasoline due to the lower heating value of the
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hydrogen. Flammability limits for hydrogen are greater than for
gasoline, thereby resulting in a much larger range of fuel
mixtures for which a hydrogen engine can operate. In addition to
the above, hydrogen also possesses a faster flame speed and lower
ignition energy than does gasoline, thus resulting in more
favorasble combustion characteristics when compared to gasoline.
Table 2.3.1 provides a comparison of key properties of hydrogen
versus isoctane (gasoline).

TABLE 2.3.1

H Isooctane
ENERGY DENSITY (Mass) 61,8OO§IQV 20,500 BTU
LB LB
ENERGY DENSITY (Volume) 320 BTU 950, 000 BTg
=
FT FT
FLAMMABILITY LIMITS Vol % in Air
(lean) 4% 1%
Range
(rich) 75% 6%
FLAME SPEED 180 cm/sec 40 cm/sec
MINIMUM IGNITION ENERGY .02 MJ 1MJ

PROPERTIES OF HYDROGEN AND ISO0OO0CTANE

Also, experience has shown that flammable fuels and gases,
such as gasoline, propane, methane, and hydrogen, can be handled
gsafely when suitable precautions are taken [341. In comparison
to other fuels, hydrogen does present a hazard because of its
wide range of flammability and its low spark ignition energy as
shown in Table 2.3.1. Furthermore, hydrogen is more likely to
leak from containers than would other fuels or gases due to the
obvious small molecular gize of the hydrogen and the resulting

low viscosity of the gas. Thus, safe containment and protection
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from sparks or other ignition hazards are essential in the design
of a crashworthy hydrogen powered vehicle.

Data from reference 35 indicates that the cost for hydrogen
production ranges form 31 to 61 cents per pound of gas. Based on
an energy equivalent basis it ig calculated that 2.2 pounds of
hydrogen would be equivalent to 1 gallon of gagoline for the
lowest performer of the hydrogen engine designs ("H2 Design-1")
and therefore even in the least promising design the equivalent
cost per gallon for the hydrogen would bhe $1.34 or about 6.7
cents per mile. For the improved ”H2 Design-3" the cost per mile
for hydrogen would be about 4.5 cents per mile which is
comparable to some of the figures cited in the hydrogen AE study
conducted by Kukkonen [331 of the Ford Motor Company. Kukkonen
is not very optimistic about the future of hydrogen as an AE
transportation replacement to gasoline. His study provides an
excellent overview of the differences in costs for hydrogen and
electric vehicle designs of various weights, ranges, system
efficiencies and methods of obtaining hydrogen and electric
energy sources. One factor which has not been covered thoroughly
however, in reference 33 is the effect of improved efficiency in
IC engines through the use of ceramics and other high technology
materials which are being researched and utilized by several
Japanese automotive engine manufacturers. This technology, would
be applicable to any of the AE sources cited in this report that
are adaptable to the IC engine. While the hydrogen AE source is
a long way off (gay 25 + years) it is not likely to be 100 years

away as suggested by Kukkonen.
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2.4 COST, SAFETY AND EMISSION BENEFITS OF THE MOST LIKELY
AE SYSTEMS

As noted in Section 1.1, & major problem in the Phoenix and
Tucson urban/metropolitan areas deals with the environmental
pollution caused primarily by gasoline powvered vehicles. Air
quality standards were violated in both cities during the winter
of 1985-86. The above violations could lead to significant loss
of federal revenues for state projects. By considering the
encouragement of the most likely AE systems identified in Section
2.2 of this report the State of Arizona could gain much greater
benefits than would be possible by fuel taxes or vehicle
registrations.

First of all, with regard to fuel costs the AGA has
published data which indicates that natural gas is a more cost
effective AE replacement to gasoline if a vehicle is driven more
than 15,000 miles annually. This information ig shown in Figure
2,15, along with comparison of fuel costs for propane (LPG),
methanol, and electric vehicles. By far, the CNG fuel either in
a dual fuel mode or in a dedicated mode can provide cost savings
to the consumer and ultimately to the State of Arizona through
drastic reduction of hazardous emissions and gasoline pollution
products. The cost for CNG vehicle fuel at the present time is
billed by Southwest Gas of Tucson on a large industrial customer
rate. Southwest Gas 1is leaning toward creating a new rate
structure that would accurately reflect the cost of delivering
the gas to the customer. The cost of providing CNG as a motor
vehicle fuel ig less than the cost of delivering the gas to a

housing subdivision or an industrial customer. The amount of
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fuel consumed by the average vehicle is approximately the same
amount as delivered to three medium size houses. The obvious
cost savings to the gas supplier can be passed on to the consumer
once new rate structures are in place.

Currently neither the State of Arizona or the federal
government have the means of collecting taxes on CNG as a motor
fuel. The current users are figuring in the equivalent taxes in
the total costs of the CNG and are placing the uncollected tax
into a reserve fund in case the motor fuel taxes are ever
applied. The projected cost of the motor fuel tax is 13 cents
per gallon. This is the same amount of tax that is currently

levied on gasoline and diesel.
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2.4.1 FUEL SAVINGS

The current fuel savings of CNG when compared to the costs
of conventional fuel (i.e. gascline, diesel or LPG&) range from 5
cents per equivalent gallon to 40 cents. The cost savings are
influenced by the supplier of the natural gas, capital costs and
electric rates. Scottsdale, Arizona is currently saving
approximately 13 cents per gallon where as Southwest Gas of
Tucson is saving between 25 to 30 cents per gallon. The cost
savings for an average vehicle getting 18 miles per gallon driven
for 12,000 miles per year, based on the average savings of 26.5
cents per equivalent gallon would be $176.67 dollars per Yyear.
I1f the life of the vehicle were considered to be 125,000 miles
the total projected cost savings (assuming both natural gas rates
and gasoline cost remained the same or increased proportionally)
would be $1840. As the spread between the costs of natural gas
and gasoline increase the amount of fuel savings would rise also.
I1f the amount of mileage driven per year 1is increased the fuel

cost savings would rise proportionately.

78



2.4.2 FEDERAL, STATE AND LOCAL REGULATIONS

The federal Department of Transportation regulates the tanks
used for CNG compliance with current compressed gas regulations,
the end user comes in contact with these regulations by means of
hydrostatic testing of the tanks every 5 years. The testing is
required to insure that the tanks will operate safely in every
day use. All of the major dealers of CNG tanks sell only tanks
that conform to existing DOT regulations. The fueling system of
the vehicle must conform to the regulations governing gasoline or
diegsel fuels. The major difference ig the cut off switches that
cut off the natural gas supply when switching fuels. The setup
and the maintenance of the refueling =station comes under local

bhuilding and fire regulations.
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2.4.3 ENVIRONMENTAL CONCERNS

CNG is a clean burning fuel, (see Figure 2.15) the amount of
non-methane hydrocarbons produced are half that produced by
gasoline. The lack of the hydrocarbons in CNG emissions means
that the level of smog produced is smaller. CNG exhaust contains
almost no carbon monoxide, sulphur or suspended particulates, all
of which are found in abundance in gasoline, LPG and diesel

exhaust. In fact, most CNG fuel exhaust is made of simple water

vapor. The weather and the c¢limate do not seem to present a
major problem for dual fuel vehicles. Cold weather starting is
enhanced due to CNG's vaporous state. Some problems in the fuel

delivery system due to cold weather have been experienced by some
users. For example, the grease in the pressure gage system will
thicken and give a false low pressure reading wuntil the system
WArms up. Circulating the engine coolant around the first stage
of regulation seems to eliminate this problem.

Maintenance of the refueling site in cold weather should
also be taken into account. The user in cold weather climates
might want to inclose the compressor station for easing regular

maintenance.
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Figure 2.15

Emissions of Alternatively Fuel Vehicles (grams/mile)
Fuel Non-Methane
HC CO | NOx | SOx | Particulates
Compressed Natural Gas | 0.26 0.03 | 1.23 | Neg. Neg.
Gasoline 0.54 | 8.35 1.92 0.71 0.08
Methanol 0.25 | 2.90 | 0.55 | Neg. Neg.
Electricity 0.03 | 0.10 2.28 1.58 0.04

Assumes 80% of SOx removed in fossil fuel electric generation. Assumes 95% of particulates
removed in fossil fule electric generation. Emissions attributed to battery recharging of electric

vehicles are not included.
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VEHICLE COMPARISONS
Types of Vehicles:
CNG alternative fuel conversions on all types of vehicles,
ranging from small cars with 4 cylinder engines up to
vehicles having 22,000 pounds gross vehicle weight have been
succesgsfully accomplished in recent years. The rear
suspension of the smaller vehicles may have to be enlarged
to compensate for the additional weight of the CNG
cylinders. The dedicated vehicle allows the user to take
advantage of the lower cost of natural gas and can eliminate
the additional weight caused by incorporating dual fuels.
If the vehicle manufacturers make the decision to produce a
dedicated vehicle the cost should be comparable to that of a
gasoline powered vehicle. Because CNG vehicles require no
pollution control equipment to conform to present emission
standards or a catalytic converter, the cost savings could
also be passed on to the consumer.
Range:
The range of the CNG powered vehicle is limited by the
amount of fuel carried on board. Space seems to be the main
limiting factor due to the size of the CNG tanks. If the
vehicle is converted to run on only mnatural gas and the

existing conventional fuel! system is removed, the CNG tanks

can be placed where the gas tank was located. The major
vehicle manufacturers are expressing an interest iIn
manufacturing a dedicated CNG vehicle. Ford Motor Company
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has manufactured 20 Ranger pick-up trucks for testing the
feagibility of CNG design. The Ranger pilick-ups were
digtributed to natural gas company fleets to study the
effect of CNG as a motor fuel. Toyota has plans to
introduce a dedicated CNG vehicle to the United States
market.

Power:

There is no significant loss of power when compared to
conventional fuels if the engine is in good working
condition. The wuser may notice a slight lagging when
accelerating on CNG. This can be over come if the engine is
tuned correctly (to the vehicle manufacturers
specifications) and the difference in timing is taken into
account. To be correctly timed to take advantage of the
burn properties of CNG, the engine timing should be advanced
15 degrees. This is due to the faster burn rate inherent in
natural gas. The increased weight of the dual fuel vehicle
will have an effect on smaller vehicles but is unnoticeable
in larger cars and trucks.

Engine Life:

Since CNG has an octane number higher than gasoline (around

130) its use in high compression engines poses no problems

and will operate without pre-ignition. The elimination of
"knock®™ with out the addition of lead as an anti knock
reduces the build-up of carbon in the engine. The ail life

is extended because the CNG is mnot mixing with the oil.
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This allows for an extended life of the viscosity of the
oil. The engine life can be increased by 150 to 200 percent
using CNG. The decrease in maintenance costs should bhe
taken into account when deciding to convert to CNG.

Driving Patterns:

Since there is a lack of currently available public
refueling stations the most likely early application of CNG
vehicles is for fleet operators that are based out of a
central location. The costs of the refueling sité can be
minimized if duplication can be avoided. The location of
the refueling site should be as close to the center of the
company's range of business as possible. This will allow
the CNG user to limit the amount of CNG carried on board the
vehicles, thus reducing the cost of CNG cylinders. The
choice of refueling systems should include considerations of
the number of vehicle refueling per day. If the CNG user
can afford the amount of cylinders per vehicle to provide
enough natural gas for average dally use, a alow fill system
can be utilized. If the vehicles will require more than one
refueling per day a fast or mix fill system will have to be
used.

Mileage Limitations:

Typical CNG cylinders can hold between 300 to 1000 cubic
feet at 3000 psi. Depending upon the size of the vehicle
and the number of cylinders a ‘typical 2 tank installation

will provide from 60 to 200 miles of range. If the vehicle
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is dual fuel the addition of the gasoline mileage must also
be taken into account. If +the vehicle were designed as a
dedicated vehicle the mileage provided would be comparable
to that of a gasoline vehicle. The vehicle designed by Ford
iz rated at over 30 mpg with a 200 plus mile range.

Safety:

CNG vehicles are safer than petroleum fueled vehicles. Some
of the reasons for the excellent safety record of methane-
fueled vehicles, according to Dr. Winston Porters® 1879 10
year study are:

1) Natural gas is lighter than air, this eliminates the
possibility of puddling in the event of an accident.

2) Natural gas is more difficult to ignite than gasoline or
propane. The temperature of ignition for CNG is about 1300
degrees fahrenheit and for gasoline 800 degrees.

3) The required air to fuel mixture is quite limited usually
in the range of 17 to 1. The large air to fuel mixture
helps reduce the possibility of fire in the event that a CNG
cylinder is ruptured.

4) Natural gas is non-toxic. The vehicle emissions contain
negligible amounts of CO. This allows for the use of
natural gas powered vehicles to be operated safely indoors.
5) The systems design strength.

[f a leak in the CNG system should occur the natural gas

rise and dissipate into the atmosphere. The ignition point

of natural gas is higher than gasoline usually about 1300 degrees
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as compared to 800 degrees fahrenheit for gasoline. The ignition
point of CNG is so high that a cigarette will not ignite it.
Insurance underwriters have recognized the safety of CNG and

consider it to be ag safe or safer than any other vehicle fuel.



2.4.5 SUMMARY :

CNG's use as a vehicle fuel is promising for the fleet user.
It provides a clean alternative to conventional petroleum fuel
basing and allows the dual fuel user to choose the most
economical fuels and the reduced vehicle maintenance costs should
be considered when the decision to convert is being made. The
natural gas supply industry is showing an interest in helping the
fleet operator with the conversion decision and the forecast
domestic supply is over 60 years including projected growth
rates. The cost of CNG should be expected +to rise over the
current rates due to supply and demand, but CNG should still show
gavings when compared to conventional fuels. The cost of
conversion to CNG is significantly front loaded, but the end user
must keep in mind that once the equipment 1is purchased the
conversion kits on the vehicles may be removed and put to use on
new or other vehicles in the company fleets. The refueling
station can be used with all converted vehicles and replacement
won't be needed for 20 years.

In areas of emission controls the use of CNG allows the user
to meet the emission requirements without adding any additional
equipment. The major component of CNG exhaust is water vapor,

with a reduction of non-methane hydrocarbons.

87



SECTION 3
SOCIO-BEHAVIORAL CHARACTERISTICS

3.1 INTRODUCTION
3.1.1 THEORETICAL ORIENTATION

The acceptance and use o0of energy alternatives by the
American public i3 a slow process which appears to be similar to
the acceptance of any new technology or innovation. According to
Rogers (1883) early adopters of innovation are 1) higher social
status, 2) more educated, 3) have greater exposure or access to
information, and 4) are more favorable to change and risk. Only
2.5% of the population are claggified as "Innovative” or risk
taking individuals (gsee Figure 3.1). These are unique

to

individuals who implement Iinnovation very early and appesar
have more financial freedom than the "Early Adopters” (13.5%).

The diffusion of innovation perspective attempts to explain
the adoption of new technologies by examining the attributes of
the technology, the charac-teristics of the adopter, and the
adoption decision process. Theze factors determine the rate that
the new technology progresses through the filve adoptlion stages
(from innmovative to later adopters).

Rogers emphasizes that change in adoption 13 caused by
reduced uncertainty about the product due to  increased
interpersonal communication about its value.

A more complete explanation of the innovation process wa

6]

proposed by Schnorr & Levi (19883). In the two-stage process, the

image of the technology becomes transformed from a statement of



passive personal valugs to the active participation in a social
process. The early adopters use the image to make a statement
about themselves to society. Az the image is accepted by society
(or rejected) it becomes institutionalized. By focusing on the
image and itg transformation, many of the potential fallures can
bhe understood and avoided.

During the first stage of adoption, the image reflects the
personal values aszs well 25 economic, social and environmental

values of the adopters. In many cases, it iz not economically

[

rational to adopt a new technology. The product is still under
development so its reliability is uncertain and itz cost is high

due to & lack of mass production. Although some earl adopters

<

sre risk oriented capitalists, most do not act like risk oriented
entrepreneurs in other areas of their life. People "rationalize®
their investment by misestimating the technology’s reliahility
and payback.

The social status value of & new technology relates to the
fashion pro-~cess. In a country where technological progress 15 a
widely held ideal, displaying the adoption of a new technology
creates the potential of becoming a trend setter. Trend setting
invalves & limited number of people for a limited duration,
eventually the fashion/fad either takes off or disappears.

Both the economic and social justificationg for adopting a
new technology are types of "egoistic” values: innovations are
adopted because of the benefits which the individual receives. A

third factor iz the environmental or Yaltruistic® values which
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ASSUMPTIONS

)
.
B3

Since the Arizona Department of Transportation iz concerned
about potential losses in revenue and the benefit iIn pollution
reduction associated with alternative energy vehicles, this phase
of the research effort focuses on ldentifying people most likely
to  adopt these technologies in addition to identifying the
technologies most likely to be adopted. The Yinnovators™ and
"Early Adopters”™ are assumed to be higher soclal status, nore
educated, have greater exposure or access to information and are
more favorable to change or risk.

Thus, the early adopters are not representative of the
normal population - rather, they are the "elite” of soclety.
Therefore, the sanmpling technigues will analyze and compare
demographic factors but no attempt will be made to achieve random

sampling.
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FIGURE 3.1

I Innovators 2 %
E Early Adopters 13 %
M Majority 68%
L Laggards 16%

1883. Diffusion of Innovations, (3rd Ed) New York:

Rogers,

Free Press
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